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SUMMARY

Results are presented for a part of a test progrem on
24S-T aluminum-alloy flat compression panels with longitudinal
formed hat-section stiffeners. This part of the program 1is
concerned wilth panels in which the thickness of the stiffensr
materisl is egual to the thickness of the skin. The results,
presented in tabular and graphical form, show the effect of the
relative dimensions of a panel on the buckling stress and the
average stress at maximum load. Comparative envelope curves are
presented for hat-stiffened and Z-stiffened panels having the same
retio of stiffener thickness to sheet thickness. These curves
provide some indication of the relative structural efficiencies of
the two types of panel.

INTRODUCTION

Mn extensive experimental investigation of the strength of
24S-T aluminum-alloy flat compressign panels with longitudinal
formed Z-section stiffensrs was reported in reference 1. The
data presented in reference 1 were reworksd ori the basis of a
selected design parameter and were used for the preparation of
design charts in reference 2. .A simllar investigation is now
being conducted on panels of the same material with formed hat-
section stiffeners for the purpose of making design charts lilke
thoss -of reference 2 and also to provide an eventual ccmplete
comparison of the structursl efficlencies of the two types of
gtiffener. -
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The initial part of the test progrem on panels with hat-sectlon
stiffensrs wes reported in reference 3. The second part of this
test progrem hes now been completed and the resulis are presented
herein; this part of the progrem is concerned with pansls in wvhich,
the thickness of the stiffener materisl is equal to the thickness of
the gkin. : -

SYMBOLS

Symbols for dimsnsions of penel cross sections are shown In
figure 1. In addition, the following symbols are used:

Py compressive load per inch of ‘panel width, kips per inch

Ay cross-sectlional area per inch of penel width, or eguivalent
thickness of papel, inches

L length of péanel, inches

c coefficlent of end fixity in Euler column formula

Oop local-buckling stress of skin or stiffener, ksi N

or average stress at failure, ks¥

TEST SPECIMENS

The test panels each had six stiffeners. Both the skin and
stiffeners were made of 24S-T slumlinum-alloy sheet with the grain of
the material pasrallel to the longitudinel axis of the panels. The
with-grain compressive yleld strength of the skin material renged
between 42.7 kel and 45.4 kel with an average of 43.9 kei and that
of the stiffener material before forming varied between 42.8 ksi
and 45.3 ksi with an average of 44.0 ksi.

For the teste reported herein, the nominal thickness of the
stiffener material and the skin material was 0.040 inch. The
nominal ratic of the stiffener thickness to ‘the skin- thickness tw/ts

ves therefore constant at 1.00. With these dimensions known,
numerical values for all crosg-sectional dimensions can be found
by means of the proper dimension ratios. The stiffeners were
formed from flat sheet to an inslde radius of 0.125 inch for all



NACA TN No. 1k39 b 3

r
bends (—t;—?x 3). The width of the attachment flange b, was 0.65 inch

for all stiffeners. The rivet lines on the stiffeners were on the
longltudinal center lines of the attachment flanges. A typical
panel cross section is shown In figure 1.

The NACA flush-rivet method (reference 4) was employed in the
construction of the test specimens. The rivet holes were cownter-
sunk on the skin side of the panel to a depth of three-fourths of
the skin thickness, the countersink having an included engle of 60°.
Ordinary flat-head A1T7S-T aluminum~zlloy rivets were inserted from
the stiffener side, and the shanks were upset into the countersunk -
cavity. The protruding part of the upset shank was then milled off
to provide a smooth surface. The rivet diameter was 1/8 inch and
the pitch was 1/2 inch.

In order to ensure uniform bearing in the testing machine, the -
ends of each panel were ground Tlat and nervendicular to the longi-
tudinel axis of the panel. :

METHOD OF TESTING

The specimens were tested flat-snded, without side support,
in the 1,200,000-pound-capacity testing machine at the Langley
structures research laboratory. For the testing machine, within
the range of loeds used, the indicated load is within one-half
of 1 percent of the applied load. Provisions were made for setting
the specimens in the testing machine in such a manner as to maintain
the flatness of the panels and afford uniform bearing at the ends.
Figure 2 shows & panel prepared Ffor testing.

Resistance-types wire strain gsges were used to measure strains
at successive increments of load. The gages were placed in those
locations on the stiffensrs and skin wvhers buckles were expected
to appeer fivrst.

"RESULTS AND CONCLUSIONS

Results and conclusions for het-stiffened panels.- By use of
the method set forth in reference 5, 1t has been found that for
panels similar to those of thie investigation, which were tested
flat-ended in the same testing machine, the coefficient of end
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fixity ¢ is ebout 3.75. This value of ¢ was conseguently
used in reducing the present data. - :

In order to obtain the average stregs at failure G&p, the

load at vhich fallure occurred was divided by the cross~sectional
ares of the panel. No adjustment was made to offset the effect of
having an uwnequal number of stiffeners and bays. The effect of

guch an adjustment would be to decrease slightly the velues of Uf

bs Py
at high velues of «~2 and . Inesmuch as the purpose of the
ts L/Ve

present paper is to present test data, howeyer, and not bo prepare
final design charts, the adjustment was considered unwerranted.

In order to obtain the buckling stress for each panel, the
strain-gage readings were plotted in the form of load-strain curves
and the buckling load wae teken as the load beyond which there was &
decrease In local compressive strain, as shown by the reading of a
gage near the crest of a buckle. The buckling load was divided by
the cross-sectional area of the panel to give the observed buckling
gtress. An adjustment was made in the observed buckling stress to
correct for slight variations from the nominel dimemsions of the
specimens. The method for meking the adjustment is explained in
the appendix of reference 3.

Because sitresses are determined by the relative rather than
the absolute dimensions of the panels, nondimensional ratios are

P
uged in presenting the deta. In reference 2 the quantity i;f%f

is developed as a suitable perameter against which to plot the
average stress at maximum load. This parameter 1s used in plotting
the results of the tests in the present investigation.

Tables 1 to 4 (facing figs. 3 to 6) list both the observed
end the adjusted buckling stresses, together with the average

stress at failure, for corresponding values of L//“‘ The
ratio Ay/ts 1s included in the tebles for convenience in making

comparlsons between the hat-stiffened test penels and the Z-stiffened
panels of reference 2. Values of L/\C are also given.

In figures 3 to 6 the average stress at failure is plotted

against for the various dimension ratios used. The initial

Py
L/\e

dashed parts of the curves were computed from the column strength
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of the panels based on nominal dimensions and a column curve
obtained from equations (5) and (6) and table 1 of reference 6; the
s0lid-line parts of the curves were drawn through the experimental
test polnts. :

The primary results of thias investigation are to be found in
the numerical values of test date contained in the tables and
figures. In addition, the following general conclusions msy be
drawn regarding the effect of the various dimension ratlios on the
strength of the test panels. It is assumed that as each dimension
ratlio is changed all otherz remein constant. These ganeral con-
clusions can only bo considered to apply within the range of
pansls tested.

1. When the paremeter £;R7: has a very low valus (long penels
c .
that fail by colwmn bending), the sirese developed by the panels
increases with an increass in- by/Hy becauvse increesing the helght
of the stiffeners provides increased column strength. For high
Py
/e _
the stress decreases as by/ty increases because increasing the
height of the stiffeners decreases the local-buckling strength.

values of . {short panels that fall by local buckling), however

P .
2. At very high values of /;~ (short peanels that fail by
Liyve .
local buckling), an increase in the ratio bH/bw tends to decrease

the stress developed by the panels because increasing the width of
the stiffeners decreases the local-buckling strength.

P .
3. Except at very low valunes of 57%5- (1ong panels that fail
v .
by column bending), the stress developed by the test panels
increases asg bs/ts ie decreased because decreasing the stiffener
spacing .Increases the local-buckling strength.

Comparison of hat-stiffened and Z-stiffened panels.- In
P1
LV
for Z-stiffened panels with four velues of the ratlo ty/tg.
Although the present paper is based on far less dats than was

refersnce 2, 1t is possible to prepare & similar envelope curve
based on the present tests. In figure T, such an envelope curve

reference 2, envelope curvee of Ef against were presented
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Ty

is compared wilth that for Z-gbiffened panels with Pyl 1.00. It
- S

should not be inferred that the ratio tyftg 1s coneldered a proper

basis for final comparison; a better comparison would be provided
by actual comparative designs, or by curves of the type presented
in figures 18 to 20 of reference 7. The present date, however,

are too limited for such an expedlent and conseguently tw/ts -is

used to afford a tentative evaluation.

The most immediately evident feature 6f figure T is that the
values of Ef for hat-stiffened panels are appreciably lower than

r
those for Z-stiffened panels at high values of imi-. Several
: : c

factors (see reference 3) could be responsible for this difference.
It is apparent from figure 1 that the clear distance between the
sldes of adjacent stiffeners 1s appreclably greater than bg, the
distance from rlvet line to rivet line. In fact, had bg been
measured as the clear distemce between the sides of the stiffeners,
all values of bg/tg would have been increaséd by about 4. On

this basis, the lowest value. of bg/tg included in the present

progranm.1s 39, whersas the Z-stiffened panels included values of
this ratio down to 25. It im quite likely that date for hat-
stiffened panels with values of bg/tg lower than 25 (measured

as in fig. 1) vould produce curves that would rise ebove the
envelope curve for hat-stiffened psnels in figure 7, at high
P

Liye

There was a factor in the present tests, however, which tended
to Improve the efficlency of the hat-stiffened panels as compared
with that of the Zrstiffened psnels of reference 2; the rivets
were, roclatlive to the sheet gages, larger and more closely spacsd
than those in the Z-stiffened panels. The data of reference 8
indicate that stronger riveted Joints in the Z-stiffened penels
wouléPhave brought about some increase in strength at high values

values of

i
of —=.
I/Ve
On the other hand, 1t is poinbed out in reference 2 that,
. ' : b : '
for EE = 1.00, the curves for values of %2 = 25 that establish

tg
the top part of the envelope curve for Z-stiffened panels have been



NACA TN No. 1hk39 T

obtained entirely by extrapolation. Check tests made since the

prepaeration of the curves in reference 2 showed that, for E—w- = 1.00,

S
b .
S . 25, and ;g = 20, the highest attalnable G, was equal

to 40.2 ksi. A corrected envelope curvé , bagsed on these check tests
would fall only slightly above the cuxrve for hat-stiffened panels.

Because of the several factors discussed that tend to alter the
comparison of envelopes given in figure T, truly compareble envelope

curves for hat- and Z-stiffenesd panels, for E—‘T- = 1.00, mnight bse_

S
more Favorable to the hat-stiffened panels than those glven in

figare T. -

Langley Memorial Aeronautical Taboratory
National Advisory Committee for Aeronautics
Langley Field, Va., June 11, 1947
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TABLE 1
TEST DATA FOR FLAT PANBLS WITH HAT-SECTION STIFFENERS WITE ;H;.. = 0,6
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TABLE 2
TEST DATA FOR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH :_;1. = 0,8
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Figure 4.—Compressive strength of flat panels with hat-section stiffeners.
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TABLE 3
TEST DATA POR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH ;!‘% =1,0
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Figure 5.— Compressive strength of flat panels with hat-section stiffeners.
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Figure 6.—Compressive strength of flat panels with haf-section stiffeners.
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